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Abstract 
The elemental theory of surface acoustic wave (SAW) gas sensor principles is reported within this work. The sensor 
mechanism is generally based on changes in conductivity of a bi-layer thin sensor structures. In turn, the interaction 
between electrical surface potential is associated with SAW propagating on piezoelectric and mobile electric charges 
in bi-layer sensor structures of different electrical conductivities and thicknesses. Both films are very thin in 
comparison to SAW wavelength and Debye screening length. This allows on one-dimensional treatment of the 
problem by perturbation theory. 
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1. Introduction 
Recently, the multilayer thin film sensor structures, especially bi-layer nanostructures, have been used 
extensively to improve the sensitivity and reliability of conventional chemical and biological sensors 
[1,2]. The interaction between a single conductive sensor structure with mobile charges and SAW electric 
potential causes the perturbation of acoustoelectric attenuation and the SAW velocity. This problem is 
well known and has been addressed previously by various authors (see for instance Ricco et al.[3]). For 
phenomena description, only the thickness h and conductivity V of the film are essential parameters, as 
stated in Fig.1.  
As a result of various methods we obtain the same fractional changes in acoustoelectric attenuation per 
wave number and relative velocity shift [3]. 
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where K2 – is an electromechanical coefficient, v0 – the unperturbed SAW velocity, Cs = H0 + Hp, is the 
sum of permittivities of the region above the film and the substrate, Vs = Vh – is the sheet conductivity of 
the sensor film.  
The plot of the relative changes of attenuation and SAW velocity is shown in Fig.2, where ȟ = Vs/v0Cs. 
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Fig. 1. Single sensor structure with thickness h and conductivity V 
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Fig. 2. Plot of velocity and attenuation relative changes versus acoustoelectric parameter for single sensor film 
2. Bilayer sensor structure 
However, when we apply the second conductive film with a different electrical conductivity (so called 
bi-layer sensor structure), then we obtain separate and different equations for both: the attenuation and 
velocity changes. The method described within this work, is quite close to the method presented by Ricco 
et al. [3]. The problem can be divided into two parts. First, finding the power transferred to mobile 
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charges in both films by traveling SAW electric potential, and second, related to the power transferred 
from the SAW to changes in wave propagation. The bi-layer sensor structure can be modeled simply by 
two layers with different parameters, as depicted in Fig.3a. Because the films are very thin in comparison 
to the wavelength, we can use more simple model by changing the volume density of the charges to the 
surface densities, placed in different places, y=0 and y= -h1, Fig.3b.  
 
 
       
(a)             (b) 
Fig. 3. (a) model of bi-layer sensor structures in SAW gas sensor – described with four different parameters: h1, V1 for the first film, 
and h2, V2 – second film; (b) modelling of the bi-layer structure by two films (with different  surface charge density), located in 
different places, with different current densities Jz  
 
If the power transfer from wave to the carrier is expressed in complex form, then the wave attenuation 
and velocity changes arise from the real and imaginary parts, respectively (since it depends on the wave 
number form). We obtain the following expressions: 
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The plots of equations (3) and (2) for typical values of h1=250 nm, O=80mm are presented in Fig.4 and 
Fig.5, respectively, for seven different configurations Vs2 = x Vs1, where x=0 refers to the single sensor 
film. 
When the conductivity of the second film is less than the one of the first layer (x<1), the characteristics 
are shifted towards higher values of the acoustoelectric parameter [1. It means that for the same value of 
[1 parameter we obtain weaker response in velocity changes. On the other hand, for the x>1, we can 
obtain greater changes in velocity for lower conductivities of the first film. It causes higher sensitivity of 
the sensor working in these ranges of x and [1. Additionally, one can observe the almost constant range of 
attenuation, for x=10. It should cause very stable oscillation range, even when the conductivity of the first 
film is changing under the gas influence. 
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Fig. 4. Plot of velocity changes versus acoustoelectric parameter ȟ1 = Vs1/v0Cs for seven different configurations Vs2 = x Vs1 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Plot of attenuation changes versus acoustoelectric parameter ȟ1 = Vs1/v0Cs for seven different configurations Vs2 = x Vs1 
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